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Support measures currently represent the mainstay of treatment for fulminant myo-
carditis, while effective and safe anti-inflammatory therapies remain an unmet clinical 
need. However, clinical and experimental evidence indicates that inhibition of the pro- 
inflammatory cytokine interleukin 1 (IL-1) is effective against both myocardial inflamma-
tion and contractile dysfunction. We thus evaluated treatment with the IL-1 receptor 
antagonist anakinra in a case of heart failure secondary to fulminant myocarditis. 
A 65-year-old man with T cell lymphoma developed fulminant myocarditis presenting 
with severe biventricular failure and cardiogenic shock requiring admittance to the inten-
sive care unit and mechanical circulatory and respiratory support. Specifically, acute 
heart failure and cardiogenic shock were initially treated with non-invasive ventilation 
and mechanical circulatory support with an intra-aortic balloon pump. Nevertheless, 
cardiac function deteriorated further, and there were no signs of improvement. Treatment 
with anakinra, the recombinant form of the naturally occurring IL-1 receptor antagonist, 
was started at a standard subcutaneous dose of 100 mg/day. We observed a dramatic 
clinical improvement within 24 h of initiating anakinra. Prompt, progressive amelioration 
of cardiac function allowed weaning from mechanical circulatory and respiratory support 
within 72 h of anakinra administration. Recent studies point at inhibition of IL-1 activity as 
an attractive treatment option for both myocardial inflammation and contractile dysfunc-
tion. Furthermore, IL-1 receptor blockade with anakinra is characterized by an extremely 
rapid onset of action and remarkable safety and may thus be suitable for the treatment 
of patients critically ill with myocarditis.
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INtRoDUCtIoN
A 65-year-old Caucasian man was hospitalized for low-grade fever, fatigue, and unintentional weight 
loss. He had a history of elevated arterial blood pressure and benign prostatic hyperplasia; family and 
social history were unremarkable. At admission, vitals were normal. Physical examination revealed a 
moderately enlarged spleen, a finding confirmed at bedside abdominal ultrasound (bipolar diameter 
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15 cm). Blood tests showed mild leukocytosis (15,000/mm3, neu-
trophils 88%), anemia (Hb 9.5 g/dL), thrombocytopenia (70,000/
mm3), high levels of inflammatory markers C-reactive protein 
(CRP, 104 mg/L, normal values 0–6 mg/L) and ferritin (515 ng/
mL, normal values 15–150  ng/mL), and mildly elevated liver 
transaminases and serum lactate dehydrogenase. A whole-body 
computed tomography scan revealed confluent areas of reduced 
tissue density in the liver and spleen, compatible with malignancy, 
and multiple abdominal lymphadenopathies. In the hypothesis of 
hematologic neoplasm, a bone marrow biopsy was performed. 
Histologic examination was eventually diagnostic for anaplastic 
T  cell lymphoma; macrophages phagocytizing hematopoietic 
cells were concomitantly observed.
Shortly after this procedure, the patient acutely developed 
fever, hypotension, and dyspnea. Blood pressure dropped to 
80/45  mmHg, respiratory rate was 34 breaths per minute, and 
oxygen saturation was 89% while he was breathing ambient air. 
Biochemical analyses showed marked leukocytosis with neutro-
philia (20,000/mm3, neutrophils 90%), elevated CRP (150 mg/L, 
normal values <6), and troponin T (78 ng/L, normal values <38). 
Blood and urine cultures were negative, and procalcitonin serum 
levels were normal. Electrocardiogram showed sinus tachycar-
dia with T wave alterations. A transthoracic echocardiogram 
(TTE) revealed a severely depressed contractile function in both 
ventricles, with a left ventricle ejection fraction (LVEF) of 25%. 
A  repeated whole-body computed tomography documented 
initial pulmonary edema but no remarkable findings in addition 
to the previously documented liver and spleen abnormalities. 
Heart catheterization revealed normal coronary anatomy with-
out significant stenosis. Myocardial biopsy was not performed. 
A comprehensive search for autoantibodies and viral genome 
testing on blood and sputum were negative.
The patient was admitted to the intensive care unit and received 
intravenous dobutamine, furosemide, and non-invasive ventila-
tion with continuous positive air pressure. Due to persistent 
hypotension refractory to positive inotropic agents, urgent posi-
tioning of an intra-aortic balloon pump (IABP) was required to 
maintain the cardiac output. However, during the following day, 
no signs of myocardial recovery were observed, and the severe 
biventricular dysfunction further worsened (LVEF < 20%).
BaCKGRoUND
Fulminant myocarditis is an inflammatory disease of the myo-
cardium leading to arrhythmia or rapidly progressive heart 
failure, often with a fatal outcome. Fulminant myocarditis can 
be caused by various infectious or exogenous agents, as well as 
immune-mediated conditions. Regardless of the initiating factor, 
the pathogenesis is characterized by a deregulated inflammatory 
response, leading to cardiac damage. This inflammation-mediated 
myocardial damage leads to contractile dysfunction, clinically 
manifested with heart failure. Recent studies indicate that the 
pro-inflammatory cytokine interleukin (IL)-1 is central to the 
development of cardiac inflammation in the pathogenesis of a 
broad spectrum of conditions. Mechanistically, during myocardial 
injury, dying myocardiocytes release various intracellular debris 
and mediators, including IL-1α, which are sensed by resident 
and infiltrating myeloid cells (1). Upon sensing of intracellular 
mediators, the myeloid inflammatory cells activate the “inflam-
masome,” an intracellular molecular complex responsible for the 
processing and release of active IL-1β (2–4). The release of IL-1β 
results in widespread inflammation (5, 6), leading to death of 
cardiomyocytes, progressive loss of viable contractile tissue, and 
development of cardiomyopathy and heart failure (7).
Clinical observations confirm this central role of IL-1 in the 
pathogenesis of cardiac inflammation. In general, myocardial 
involvement is part of the clinical spectrum of inflammatory 
(8–10) or autoinflammatory diseases (11, 12), such as adult-
onset Still’s disease (AOSD) or systemic onset juvenile idiopathic 
arthritis (SOJIA), which are characteristically mediated by IL-1. 
IL-1 receptor blockade is highly effective in these conditions 
(13), as exemplified by several published cases of myocarditis 
associated with SOJIA and AOSD and promptly controlled by 
anakinra (14–17). The clinical picture of this patient, character-
ized by acute biventricular failure with cardiogenic shock and 
robust systemic inflammation, was reminiscent of IL-1-mediated 
autoinflammatory diseases (13). Specifically, the patient had high 
fever and elevated blood neutrophils but no evidence of infection, 
non-ischemic acute collapse of cardiac function compatible with 
myocarditis, and biochemical tests compatible with macrophage 
activation syndrome (multilinear cytopenia and elevated liver 
transaminases and lactate dehydrogenase) (18).
Management of fulminant myocarditis remains a clinical 
challenge, as no specific treatment is available beyond mechanical 
support (19, 20). We had previously treated a patient with life-
threatening viral myocarditis using anakinra, the recombinant 
form of the naturally occurring IL-1 receptor antagonist (21). 
That patient had fulminant viral myocarditis requiring venous-
arterial extracorporeal membrane oxygenation and mechanical 
circulatory support with a left-ventricular assist device, and we 
observed a dramatic clinical response to IL-1 inhibition with 
anakinra.
DIsCUssIoN
The present study reports the dramatic efficacy of IL-1 blockade 
in a case of fulminant myocarditis. The patient had developed 
fulminant myocarditis secondary to the immune activation and 
deregulation induced by an underlying hematologic neoplasm, 
anaplastic T cell lymphoma, which is frequently associated with 
rampant, systemic inflammatory activation (22). Clinically, this 
patient had a progressive collapse of the heart function, despite 
mechanical circulatory support. Given this life-threatening 
condition and the absence of established treatment options for 
fulminant myocarditis beyond mechanical support, we evaluated 
IL-1 inhibition. Treatment with anakinra was started at a stand-
ard subcutaneous dose of 100 mg/day (13, 23). A striking clinical 
improvement was observed within 24 h of treatment initiation. 
Clinical response was initially characterized by a swift reduction 
of fever, neutrophilia (7,000/mm3), CRP (10 mg/L, normal values 
<6), and ferritin (112 ng/mL, normal values 15–150 ng/mL). Over 
the following 2 days, ECG abnormalities also normalized, as did 
troponin T levels (33 ng/L, normal values <38), and the LVEF was 
restored to 50%. After 72 h of daily anakinra, the patient could be 
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weaned from IABP and non-invasive ventilation. Upon clinical 
stabilization, the patient was transferred to the Oncology Unit. 
Anakinra was discontinued, and chemotherapy with a CHOEP 
combination scheme was initiated. Six months after discharge, 
the patient is continuing to receive treatment with chemotherapy 
regimens in an outpatient setting. During this time, repeated car-
diologic monitoring and TTE re-evaluations confirmed complete 
recovery of the LVEF (55%).
In addition to experimental evidence, clinical experience with 
specific IL-1 inhibition provides unambiguous confirmation to 
the role of IL-1 in human myocardial inflammation and heart 
failure. For example, a short course of 14 days of anakinra was 
evaluated in addition to standard of therapy in randomized tri-
als of ST-elevation myocardial infarction (STEMI). Specifically, 
STEMI patients receiving anakinra had reduced left ventricular 
remodeling and were protected from the development of heart 
failure (24). In a different trial evaluating more clinically stable 
patients after reperfused STEMI, anakinra added to optimal 
therapy did not result in remarkable benefits on left ventricular 
remodeling, yet a significant dampening of the systemic inflam-
matory response confirmed the central relevance of IL-1 to the 
sterile heart inflammation associated with STEMI (25). In a 
separate, randomized clinical trial of non-STEMI patients, anak-
inra treatment was again associated with a dampening of serum 
inflammatory markers, thus confirming that IL-1 is a driving 
force of cardiac and systemic inflammation (26).
Given the central role of IL-1 in cardiac inflammation, it is 
not unexpected that treatment with anakinra would curb inflam-
mation and afford significant clinical benefits. However, the 
beneficial effects of IL-1 inhibition on cardiac function extend 
beyond dampening of inflammation and include favorable 
effects on cardiac contractility. Specifically, ex vivo studies with 
human atrial heart strips revealed that IL-1 suppresses contrac-
tile force, even at picomolar concentrations (27). Consistently, 
administration of anakinra to patients with refractory heart 
failure improved exercise tolerance and was associated with a 
corresponding decrease in major pro-inflammatory mediators 
CRP, IL-1β, and IL-6 (28). In a separate double-blind, placebo-
controlled trial, IL-1 inhibition with anakinra 100 mg daily was 
effective also in the management of diastolic heart failure (29). 
This direct beneficial effect of IL-1 blockade on contractile func-
tion likely explains the near-immediate clinical improvement in 
the case described in the present report. This observation is not 
unprecedented, as a single dose of anakinra increased cardiac 
contractility in patients with rheumatoid arthritis within hours 
of administration (30).
Anakinra blocks the biologic activity of both IL-1α and 
IL-1β by competitively inhibiting binding to the interleukin-1 
type I receptor, which is constitutively expressed in most tis-
sues and organs. IL-1α and IL-1β levels are elevated in response 
to inflammatory stimuli. While levels of endogenous IL-1Ra 
are often too low to contain an overwhelming IL-1-mediated 
inflammatory reaction, exogenous administration with anak-
inra suppresses the pathological process. It remains unresolved 
how much of the efficacy of anakinra is attributable to either 
IL-1α or IL-1β inhibition. In this study, we did not determine 
IL-1α or IL-1β levels. However, cytokine levels in patients 
with systemic or local inflammation do not reveal causation, 
regardless of the correlation. Even in patients with established 
IL-1-mediated diseases such as AOSD or SOJIA, the levels are 
often below detection, but the rapid response to anakinra pro-
vides clear evidence for causation. Similarly, a rapid response 
to anakinra indicates a causative role for IL-1-mediated inflam-
mation in myocarditis.
Support measures currently represent the mainstay of 
treatment for fulminant myocarditis (19, 20, 31). In the case 
described in the present report, patient’s heart function had 
swiftly deteriorated and was dependent on mechanical circu-
latory support with IABP; nevertheless, IL-1 inhibition near 
immediately restored cardiac contractility. Caution is advisable 
in ascribing the recovery of patients with fulminant myocarditis 
to specific therapeutic interventions, as spontaneous recovery 
may occasionally occur during mechanical circulatory support. 
Specifically, patients presenting with fulminant myocarditis, 
although more severely ill, may be more likely to fully recover 
than those affected by chronic myocarditis, provided they sur-
vive the acute phase of the disease (32). However, several reasons 
point at a causative role for IL-1 inhibition in the full recovery 
of cardiac function herein described. First, we observed a close 
and striking temporal relation between treatment administra-
tion and recovery, which halted a downward spiraling trend. In 
addition, the concomitant dampening of systemic inflamma-
tion cannot be attributed to mechanical circulatory support. 
Finally, a rationale for IL-1 inhibition in the treatment of heart 
inflammation is evident well beyond our clinical experience in 
the intensive care unit and is supported by sound clinical and 
experimental evidence (33). It remains instead to be determined 
whether the systemic anti-inflammatory effects of treatment 
may have also contributed, at least in part, to promoting cardiac 
recovery.
Important for the administration to the critically ill, anakinra 
has a remarkable record of safety, as a short half-life of 6 h allows 
prompt discontinuation [reviewed in Ref. (13)]. Adverse events 
include injection site reactions and mild-to-moderate neutrope-
nia, which is rapidly reversible upon cessation of treatment.
CoNCLUsIVe ReMaRKs
Regardless of the triggering agent, the inflammatory response in 
myocarditis rapidly escalates into an auto-inflammatory cycle. 
Mechanistically, intracellular contents released from dying myo-
cardiocytes trigger the inflammasome activation and the release 
of IL-1 from neighboring cells, leading to rampant inflammation 
and tissue damage (2). Prompt pharmacologic inhibition of IL-1 
can arrest the progression of uncontrolled inflammation, thus 
preventing extensive damage and restoring cardiac function. 
Given the dual efficacy against myocardial inflammation and 
contractile dysfunction, IL-1 inhibition represents an attractive 
treatment option for conditions characterized by inflammatory 
heart failure.
Interleukin-1 receptor blockade with anakinra is character-
ized by an extremely rapid onset of action and by satisfying safety, 
thus being suitable for the treatment of life-threatening condi-
tions. Indeed, intravenously administered high-dose anakinra 
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was previously evaluated in the treatment of septic shock in three 
controlled trials taking place in the 1990s (34–36). However, 
dated and loose criteria for septic shock lead to the enrollment 
of highly heterogeneous patients, and anakinra did not reach 
statistical significance for reducing all-cause 28-day mortality in 
this setting. Nevertheless, better therapeutic performance was 
observed in patients with the highest risk of death, bacteremia, 
or elevated serum ferritin (36, 37).
Further studies of IL-1 blockade in myocarditis are needed 
to validate use in critically ill patients. Specifically, prospective 
evaluation of a 2-week treatment course with anakinra 100 mg 
daily in addition to conventional life support measures may 
unequivocally assess the impact on acute and mid-term LVEF 
changes. Additional outcome measures of interest include 
survival, requirements for and doses of conventional pharmaco-
logic therapy, assessments of symptoms, and arrhythmias.
aUtHoR CoNtRIBUtIoNs
All authors contributed substantially to this work, have approved 
the manuscript, and agreed with its submission.
aCKNoWLeDGMeNts
The patient gave his written consent to treatment administra-
tion and to the publication of the present report. These studies 
were supported by NIH AI 15614 (to CAD) and the Interleukin 
Foundation (to GC).
ReFeReNCes
1. Kim B, Lee Y, Kim E, Kwak A, Ryoo S, Bae SH, et al. The interleukin-1alpha 
precursor is biologically active and is likely a key alarmin in the IL-1 family of 
cytokines. Front Immunol (2013) 4:391. doi:10.3389/fimmu.2013.00391 
2. Toldo S, Kannan H, Bussani R, Anzini M, Sonnino C, Sinagra G, et  al. 
Formation of the inflammasome in acute myocarditis. Int J Cardiol (2014) 
171(3):e119–21. doi:10.1016/j.ijcard.2013.12.137 
3. Stoffels M, Zaal R, Kok N, van der Meer JW, Dinarello CA, Simon A. ATP-
induced IL-1beta specific secretion: true under stringent conditions. Front 
Immunol (2015) 6:54. doi:10.3389/fimmu.2015.00054 
4. Jain A, Kaczanowska S, Davila E. IL-1 receptor-associated kinase signaling 
and its role in inflammation, cancer progression, and therapy resistance. Front 
Immunol (2014) 5:553. doi:10.3389/fimmu.2014.00553 
5. Garlanda C, Mantovani A. Ligands and receptors of the interleukin-1 
family in immunity and disease. Front Immunol (2013) 4:396. doi:10.3389/
fimmu.2013.00396 
6. Cavalli G, Koenders M, Kalabokis V, Kim J, Tan AC, Garlanda C, et  al. 
Treating experimental arthritis with the innate immune inhibitor inter-
leukin-37 reduces joint and systemic inflammation. Rheumatology (2016) 
55(12):2220–9. doi:10.1093/rheumatology/kew325 
7. Abbate A. The heart on fire: inflammasome and cardiomyopathy. Exp Physiol 
(2013) 98(2):385. doi:10.1113/expphysiol.2012.069021 
8. Cavalli G, Biavasco R, Borgiani B, Dagna L. Oncogene-induced senescence as 
a new mechanism of disease: the paradigm of erdheim-chester disease. Front 
Immunol (2014) 5:281. doi:10.3389/fimmu.2014.00281 
9. Cavalli G, Guglielmi B, Berti A, Campochiaro C, Sabbadini MG, Dagna L. The 
multifaceted clinical presentations and manifestations of Erdheim-Chester 
disease: comprehensive review of the literature and of 10 new cases. Ann 
Rheum Dis (2013) 72(10):1691–5. doi:10.1136/annrheumdis-2012-202542 
10. Campochiaro C, Tomelleri A, Cavalli G, Berti A, Dagna L. Erdheim-Chester 
disease. Eur J Intern Med (2015) 26(4):223–9. doi:10.1016/j.ejim.2015.03.004 
11. Lopetuso LR, Chowdhry S, Pizarro TT. Opposing functions of classic and 
novel IL-1 family members in gut health and disease. Front Immunol (2013) 
4:181. doi:10.3389/fimmu.2013.00181 
12. van de Veerdonk FL, Netea MG. New insights in the immunobiology of 
IL-1 family members. Front Immunol (2013) 4:167. doi:10.3389/fimmu. 
2013.00167 
13. Cavalli G, Dinarello CA. Treating rheumatological diseases and co-morbid-
ities with interleukin-1 blocking therapies. Rheumatology (Oxford) (2015) 
54(12):2134–44. doi:10.1093/rheumatology/kev269 
14. Raffeiner B, Botsios C, Dinarello CA, Ometto F, Punzi L, Ramonda R. 
Adult-onset Still’s disease with myocarditis successfully treated with the inter-
leukin-1 receptor antagonist anakinra. Joint Bone Spine (2011) 78(1):100–1. 
doi:10.1016/j.jbspin.2010.09.014 
15. Cavalli G, Franchini S, Aiello P, Guglielmi B, Berti A, Campochiaro C, et al. 
Efficacy and safety of biological agents in adult-onset Still’s disease. Scand 
J Rheumatol (2015) 44(4):309–14. doi:10.3109/03009742.2014.992949 
16. Movva R, Brown SB, Morris DL, Figueredo VM. Anakinra for myocarditis in 
juvenile idiopathic arthritis. Tex Heart Inst J (2013) 40(5):623–5. 
17. Choi AD, Moles V, Fuisz A, Weissman G. Cardiac magnetic resonance in 
myocarditis from adult onset Still’s disease successfully treated with anakinra. 
Int J Cardiol (2014) 172(1):e225–7. doi:10.1016/j.ijcard.2013.12.151 
18. Dinarello CA. Interleukin-1 in the pathogenesis and treatment of inflammatory 
diseases. Blood (2011) 117(14):3720–32. doi:10.1182/blood-2010-07-273417 
19. Diddle JW, Almodovar MC, Rajagopal SK, Rycus PT, Thiagarajan RR. 
Extracorporeal membrane oxygenation for the support of adults with 
acute myocarditis. Crit Care Med (2015) 43(5):1016–25. doi:10.1097/
CCM.0000000000000920 
20. Rajagopal SK, Almond CS, Laussen PC, Rycus PT, Wypij D, Thiagarajan RR. 
Extracorporeal membrane oxygenation for the support of infants, children, 
and young adults with acute myocarditis: a review of the Extracorporeal Life 
Support Organization registry. Crit Care Med (2010) 38(2):382–7. doi:10.1097/
CCM.0b013e3181bc8293 
21. Cavalli G, Pappalardo F, Mangieri A, Dinarello CA, Dagna L, Tresoldi M. 
Treating life-threatening myocarditis by blocking interleukin-1. Crit Care Med 
(2016) 44(8):e751–4. doi:10.1097/CCM.0000000000001654 
22. Tong H, Ren Y, Liu H, Xiao F, Mai W, Meng H, et al. Clinical characteristics 
of T-cell lymphoma associated with hemophagocytic syndrome: comparison 
of T-cell lymphoma with and without hemophagocytic syndrome. Leuk 
Lymphoma (2008) 49(1):81–7. doi:10.1080/10428190701713630 
23. Cavalli G, Fallanca F, Dinarello CA, Dagna L. Treating pulmonary silicosis 
by blocking interleukin 1. Am J Respir Crit Care Med (2015) 191(5):596–8. 
doi:10.1164/rccm.201412-2150LE 
24. Abbate A, Kontos MC, Grizzard JD, Biondi-Zoccai GG, Van Tassell BW, 
Robati R, et al. Interleukin-1 blockade with anakinra to prevent adverse car-
diac remodeling after acute myocardial infarction (Virginia Commonwealth 
University Anakinra Remodeling Trial [VCU-ART] Pilot study). Am J Cardiol 
(2010) 105(10):1371–1377e1371. doi:10.1016/j.amjcard.2009.12.059 
25. Abbate A, Van Tassell BW, Biondi-Zoccai G, Kontos MC, Grizzard JD, Spillman 
DW, et al. Effects of interleukin-1 blockade with anakinra on adverse cardiac 
remodeling and heart failure after acute myocardial infarction [from the 
Virginia Commonwealth University-Anakinra Remodeling Trial (2) (VCU-
ART2) pilot study]. Am J Cardiol (2013) 111(10):1394–400. doi:10.1016/ 
j.amjcard.2013.01.287 
26. Morton AC, Rothman AM, Greenwood JP, Gunn J, Chase A, Clarke B, 
et  al. The effect of interleukin-1 receptor antagonist therapy on markers of 
inflammation in non-ST elevation acute coronary syndromes: the MRC-
ILA Heart Study. Eur Heart J (2015) 36(6):377–84. doi:10.1093/eurheartj/ 
ehu272 
27. Cain BS, Meldrum DR, Dinarello CA, Meng X, Joo KS, Banerjee A, 
et  al. Tumor necrosis factor-a and interleukin-1b synergistically depress 
human myocardial function. Crit Care Med (1999) 27(7):1309–18. 
doi:10.1097/00003246-199907000-00018 
28. Van Tassell BW, Arena RA, Toldo S, Mezzaroma E, Azam T, Seropian IM, 
et  al. Enhanced interleukin-1 activity contributes to exercise intolerance in 
5Cavalli et al. Treating Life-Threatening Myocarditis by Blocking Interleukin-1
Frontiers in Immunology | www.frontiersin.org February 2017 | Volume 8 | Article 131
patients with systolic heart failure. PLoS One (2012) 7(3):e33438. doi:10.1371/
journal.pone.0033438 
29. Van Tassell BW, Arena R, Biondi-Zoccai G, McNair Canada J, Oddi C, 
Abouzaki NA, et  al. Effects of interleukin-1 blockade with anakinra on 
aerobic exercise capacity in patients with heart failure and preserved ejection 
fraction (from the D-HART Pilot Study). Am J Cardiol (2014) 113(2):321–7. 
doi:10.1016/j.amjcard.2013.08.047 
30. Ikonomidis I, Lekakis JP, Nikolaou M, Paraskevaidis I, Andreadou I, 
Kaplanoglou T, et al. Inhibition of interleukin-1 by anakinra improves vascular 
and left ventricular function in patients with rheumatoid arthritis. Circulation 
(2008) 117(20):2662–9. doi:10.1161/CIRCULATIONAHA.107.731877 
31. Mirabel M, Luyt CE, Leprince P, Trouillet JL, Léger P, Pavie A, et al. Outcomes, 
long-term quality of life, and psychologic assessment of fulminant myocarditis 
patients rescued by mechanical circulatory support. Crit Care Med (2011) 
39(5):1029–35. doi:10.1097/CCM.0b013e31820ead45 
32. McCarthy RE III, Boehmer JP, Hruban RH, Hutchins GM, Kasper EK, 
Hare JM, et  al. Long-term outcome of fulminant myocarditis as compared 
with acute (nonfulminant) myocarditis. N Engl J Med (2000) 342(10):690–5. 
doi:10.1056/NEJM200003093421003 
33. Rose NR. Viral myocarditis. Curr Opin Rheumatol (2016) 28(4):383–9. 
doi:10.1097/BOR.0000000000000303 
34. Opal SM, Fisher CJ Jr, Dhainaut JF, Vincent J-L, Brase R, Lowry SF, et  al. 
Confirmatory interleukin-1 receptor antagonist trial in severe sepsis: a phase 
III, randomized, double-blind, placebo-controlled, multicenter trial. Crit Care 
Med (1997) 25:1115–24. doi:10.1097/00003246-199707000-00010 
35. Fisher CJ Jr, Slotman GJ, Opal SM, Pribble JP, Bone RC, Emmanuel G, 
et  al. Initial evaluation of human recombinant interleukin-1 receptor 
antagonist in the treatment of sepsis syndrome: a randomized, open-label, 
placebo-controlled multicenter trial. Crit Care Med (1994) 22:12–21. 
doi:10.1097/00003246-199401000-00008 
36. Fisher CJ Jr, Dhainaut JF, Opal SM, Pribble JP, Balk RA, Slotman GJ, et al. 
Recombinant human interleukin 1 receptor antagonist in the treatment of 
patients with sepsis syndrome. Results from a randomized, double-blind, 
placebo-controlled trial. Phase III rhIL-1ra Sepsis Syndrome Study Group. 
JAMA (1994) 271(23):1836–43. doi:10.1001/jama.271.23.1836 
37. Shakoory B, Carcillo JA, Chatham WW, Amdur RL, Zhao H, Dinarello CA, 
et al. Interleukin-1 receptor blockade is associated with reduced mortality in 
sepsis patients with features of macrophage activation syndrome: reanalysis 
of a prior phase III trial. Crit Care Med (2016) 44(2):275–81. doi:10.1097/
CCM.0000000000001402 
Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.
The reviewer JA and handling editor declared their shared affiliation, and the 
handling editor states that the process nevertheless met the standards of a fair and 
objective review.
Copyright © 2017 Cavalli, Foppoli, Cabrini, Dinarello, Tresoldi and Dagna. This 
is an open-access article distributed under the terms of the Creative Commons 
Attribution License (CC BY). The use, distribution or reproduction in other forums 
is permitted, provided the original author(s) or licensor are credited and that the 
original publication in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which does not comply 
with these terms.
